
The female Ascaris suum produces up to 160 000 eggs per day (Kelly & Smith, 1956) . These are passed out of the gonopore via the vagina vera, the narrow, muscular, distal region of the ovijector. An extensive nerve plexus extends over the outer surface of the ovijector and comprises both FMRFamide-related peptidergic (FaRPergic) and non-FaRPergic neuronal components (Smart et al. 1992 ; Brownlee, Fairweather & Johnston, 1993 ; Fellowes et al. 1999) . The non-FaRPergic element is derived from nerve branches extending from the ventral nerve cord (vnc) and the FaRPergic component from 2 large multipolar cell bodies located anterior and posterior to the gonopore. The nerve net extends the length of the vagina vera, diminishing in the vagina uteri (proximal ovijector) and terminating after the bifurcation of the uteri (Fellowes et al. 1999) .
Although the effects of endogenous nematode FaRPs on the vagina vera of A. suum have been documented (Fellowes et al. 1998 (Fellowes et al. , 2000 , there have been no detailed observations on the effects of classical transmitters. The presence of ACh, the main excitatory neurotransmitter in Ascaris, was first noted by Mellanby (1995) ; it was subsequently found to induce depolarization and contraction of somatic body wall muscle (Baldwin & Moyle, 1949 ; Norton & De Beer, 1957 ; del Castillo, De Mello & Morales, 1963) . Cholinesterase has been located in the musculature of the vagina vera of Ascaris lumbricoides (Lee, 1962) although no distinctive nerve fibres, such as those seen with anti-FMRFamide immunostaining in A. suum (Fellowes et al. 1999) , were recorded. GABA is an important inhibitory neurotransmitter of Ascaris, causing relaxation and hyperpolarization of the somatic muscle (del Castillo, de Mello & Morales, 1964) . GABAimmunoreactive neurons have been localized to the cephalic, somatic and caudal regions of the nervous system of Ascaris : no associations with the reproductive system have been reported (Guastella, Johnson & Stretton, 1991 ; Johnston & Stretton, Table 2 . Effects of glutamate (Glu) on the vagina vera of Ascaris suum [Glu] Change in tension (1 min pa, mg\mm)* Contraction frequency (% 0 min, min pa)
Contraction amplitude (% 0 min, min pa) 100 µ Shortened tissue Cessation of activity Cessation of activity (n l 8) 0n55p0n15
10 µ Shortened tissue Reduced activity Reduced activity (n l 6) 0n52p0n14 29p10n91 (3-5 min) 72p25n84
* pa, Post-addition ; .., not significant ; F, F ratio. Table 3 . Effects of GABA on the vagina vera of Ascaris suum [GABA] Change in tension (1 min pa, mg\mm)* Contraction frequency (% 0 min, min pa)
Contraction amplitude (% 0 min, min pa) 100 µ Shortened tissue Cessation of activity Cessation of activity (n l 8) 0n26p0n06
10 µ Shortened tissue Cessation of activity Cessation of activity (n l 5) 0n23p0n09
* pa, Post-addition ; .., not significant ; F, F ratio.
1987). In Ascaris, glutamate has an excitatory effect on the DE2 neuron and inhibitory effects on both the musculature of the pharynx and the DI neuron (see Davis & Stretton, 1996 ; Martin, 1996 ; Davis, 1998) . Serotonin has been demonstrated immunocytochemically in pharyngeal neurons and in neurons associated with the ventral nerve cord in the tail of male Ascaris (Johnson et al. 1996) . Serotonin is inhibitory on Ascaris somatic muscle and excitatory on the transverse ventral muscle cells in the male tail (Reinitz & Stretton, 1996) and in pharyngeal muscle ; the latter possesses an extensive serotoninergic nervous system (Brownlee et al. 1994 (Brownlee et al. , 1995 Johnson et al. 1996) . No serotoninergic or glutamatergic innervation of the reproductive system of Ascaris has been reported (Johnson et al. 1996) .
Both serotonin and ACh have been implicated in the control of egg-laying in the free-living nematode Glutamate was present during the period indicated by the arrows. The effects of glutamate were reversible. Note that an upward deflection indicates an increase in tension (shortening of the preparation) due to relaxation of the circular muscles in the walls of the vagina vera. Scale : horizontal bar represents 2 min, vertical bar represents 2 mg.
Caenorhabditis elegans (Trent, Tsung & Horvitz, 1983 ; Desai & Horvitz, 1989 ; Weinshenker et al. 1995 ; Waggoner et al. 1998) . Both neurotransmitters are present in the hermaphrodite specific neurons (HSNs) and the VC4 and VC5 neurons located near the vulva of C. elegans (Trent, Tsung & Horvitz, 1983 ; Desai & Horvitz, 1989 ; Wienshencker et al. 1995 ; Rand & Nonet, 1998) . Although serotonin immunoreactivity has been described in neurons resembling the HSNs in Goodeyus ulmi, there is no evidence of these neurons in Ascaris (Leach, Trudgill & Gahan, 1987 ; Johnson et al. 1996 ; Fellowes et al. 1999) .
ACh, GABA and glutamate receptors are the targets of several classes of anthelmintic : nicotinic agonists (e.g. levamisole), acetylcholinesterase (AChE) inhibitors (e.g. haloxon), and GABA agonists (e.g. piperazine), selectively paralyse intestinal parasites. Glutamate-and GABA-gated chloride channels are believed to be targeted by avermectins, broad spectrum anthelmintics which open chloride channels in Ascaris and C. elegans (for reviews see Cully et al. 1996 ; Martin et al. 1997) . Expanding our knowledge of neurotransmitter modulation of behaviour may increase our understanding of the actions of anthelmintics on intestinal parasites.
The aim of this study was to examine the effects of the neurotransmitters, ACh, GABA, glutamate and serotonin, on the musculature of the vagina vera in vitro and to determine the extent of cholinergic, GABAergic, glutamatergic and serotoninergic innervation in the region.
  

Preparation for recording
Specimens of adult female A. suum were obtained from a local abattoir and maintained in Ascaris Ringers Solution (ARS) at 37 mC until required. Adult female worms ( 20 cm in length) were selected and the vagina vera excised and secured to an opto-isolator tension-transducer recorder as de- Fig. 3 . Muscle tension recordings showing the effects of GABA on the motility of the vagina vera of Ascaris suum. Each recording is from a different specimen. GABA was present during the period indicated by the arrows. The effects of GABA were reversible. Note that an upward deflection indicates an increase in tension (shortening of the preparation) due to relaxation of the circular muscles in the walls of the vagina vera. Scale : horizontal bar represents 2 min, vertical bar represents 2 mg. scribed previously (Fellowes et al. 1998) . Movement generated by the vagina vera produced a signal, which was amplified and recorded on a chart recorder.
The spontaneous activity exhibited by the vagina vera consisted of regular peristaltic waves. Pen deflections 0n1 mg\mm were disregarded, thereby avoiding the effect of background vibrations or of noise registering on the trace. Calibration of the system, which has a linear response range of 0n1-10 mg, was carried out by submerging the flexible pipette tip in the medium and attaching a range of 1, 2, 5 and 10 mg weights to the end of the balance beam on which the probe rested. The deflection of the pen was then measured on the physiograph.
Experimental media and test compounds
Hanks' Balanced Salt Solution (HBSS) was obtained from Gibco\BRL (Life Technologies, Paisley, UK). All compounds used during the study (ACh, GABA, glutamate and serotonin) were obtained from Sigma, UK. Stock solutions of neurotransmitter were prepared using double-distilled de-ionized water such that a maximum of 4 µl of neurotransmitter solution was added to the recording chamber (volume, 4 ml) to give the final concentration. In each case, the final concentration was attained in less than 10 sec following neurotransmitter addition.
Data collection
Following attachment, the tissue was allowed to equilibrate for 5 min to establish a steady baseline. Specimens which were either inactive or displayed highly irregular spontaneous activity (in total, some 40 % of the preparations) were discarded. The effects of the test neurotransmitter were monitored for a minimum of 10 min post-addition. The medium in the experimental chamber was then replaced with fresh HBSS at 37 mC and the preparation allowed to recover for 10 min. Following a return to pretreatment activity, the procedure was repeated, as described, by a single application of the same neurotransmitter at the same concentration. In this way, the reproducibility of each drug effect was Table 4 . Effects of ACh on the vagina vera of Ascaris suum [ACh] Change in tension (30 sec. pa, mg\mm)* Contraction frequency (% 0 min, min pa) Contraction amplitude (% 0 min, min pa) 100 µ Transient lengthening Reduced activity Reduced activity (n l 9) k1n68p0n19 shortened to k0n42p0n18 (1 min) 2p2 (3-5 min) 3n67p3n67 (3-5 min)
* pa, Post-addition ; .., not significant ; F, F ratio. assessed. The protocol described was followed for each test neurotransmitter. A freshly excised vagina vera was used for each experiment and each drug was tested on a minimum of 5 different specimens.
Data analysis
Three parameters were analysed in the resulting data : (a) tension, (b) contraction frequency and (c) contraction amplitude. For the purposes of statistical analysis, the change in tension was measured at the following time points : k5, 0 min (just prior to neurotransmitter addition to establish baseline tension), 30 sec (for ACh only), 1, 5, 10 and 20 min after neurotransmitter addition. Amplitude and frequency of spontaneous contractions were examined during the 2-min period prior to each of the following time points : 0, 2, 5, 10 and 20 min. Contractions were identified as changes in tension 0n1 mg\mm that were completed (contraction and relaxation phase) in 30 sec. Contraction amplitude was considered as the difference between the minimum tension just prior to the contraction and the maximum tension during that contraction. For frequency analysis, only contractions with relaxation phases completed within the analysis period (2 min prior to each time-point) were recorded. The medium was replaced with fresh HBSS at 37 mC immediately after the 10-min timepoint to enable determination of effect reversibility. Statistical analyses employed single factor repeated measures ANOVA and Fischer's probability of least significant difference to determine if the test neurotransmitters induced significant (P 0n05) changes in the 3 parameters under study. Differences between treated and time-matched vehicle (4 µl of distilled water) control groups were also analysed in this way. The Student's t-test, unpaired and two-tailed, was used to assess the significance of the reversal of the effects after washout.
Preparation for immunocytochemistry and histochemistry
All immunostained tissues were visualized using the indirect immunofluorescence technique described by Coons, Leduc & Connolly (1955) . Antisera used included ; anti-serotonin, anti-GABA and anti--glutamate (Sigma Chemicals Co., UK ; see Table 1 ).
An excised ovijector was cut longitudinally and flat fixed for 4 h at room temperature (RT) in 4 % (w\v) paraformaldehyde (PFA) in 0n1  phosphatebuffered saline (PBS) and then washed for 24 h at 4 mC in antibody diluent (AbD ; PBS pH 7n4, containing 0n1% (v\v) Triton X-100, 0n1% (w\v) bovine serum albumin (BSA) and 0n1% (w\v) NaN $ ). Specimens were incubated in primary antiserum for 48 h, washed in AbD for 24 h and then incubated in the appropriate secondary antibody conjugated to fluorescein isothiocyanate (FITC) for a further 24 h at 4 mC. After a further wash in AbD for 24 h the specimens were incubated in tetrarhodamine isothiocyanate (TRITC)-conjugated phalloidin for 24 h at 4 mC. After a final wash in AbD for 24 h at 4 mC specimens were mounted on glass slides in glycerol\PBS (9 : 1) and viewed and photographed using a Leica TCS NT confocal scanning laser microscope (Leica Microsystems Ltd, Milton Keynes, UK). The area around the ventral nerve cord was studied by removing a segment of body wall around the gonopore and cutting the reproductive system at the vagina vera\uteri junction thereby retaining the body wall tissue at the point of contact with the vagina vera. This was flat-fixed and stained using the procedure described above.
To obtain serial sections of the vagina vera and surrounding tissue, segments of whole A. suum female were removed by cutting 4 mm anterior and 10 mm below the gonopore. The tissue was fixed in 4% (w\v) PFA for 4 h at RT, incubated in 5 % (w\v) sucrose\PBS for 24 h and then 30 % (w\v) sucrose\PBS at 4 mC until submerged. Serial sections (18 µm) were cut using a cryostat and collected on glass cover-slips coated with subbing solution (0n5% (w\v) gelatin, 0n05 % (w\v) chromic potassium sulphate). The tissue was washed in PBS for 10 min at RT before incubation with primary antiserum for 24 h at 4 mC. Before and after a 2 h exposure to FITC-conjugated secondary antisera and a 4 h exposure to TRITC-conjugated phalloidin at RT, the specimens were washed for 10 min in PBS. Sections were mounted and viewed as described.
The Gerebtzoff acetylthiocholine method for cholinesterase and the Holt indoxyl acetate method for non-specific esterase (for details see Bancroft, 1967) were used to localize cholinesterase and nonspecific esterase activities, respectively. Tissue was fixed in 4 % (w\v) PFA at 4 mC for 30 min, snap frozen in liquid N # and sectioned (30-50 µm) using a cryostat. Tissue sections were incubated in the appropriate medium for 1-24 h at 37 mC, mounted on glass slides in glycerol\PBS (9 : 1) and viewed under a light microscope.
Immunocytochemical controls included : (i) omission of primary antiserum, (ii) substitution of primary antiserum with non-immune serum from donor species, (iii) incubation of tissue with 100 µ GABA or glutamate both prior to and in conjunction with the GABA or glutamate antisera, (iv) incubation of antisera with a known positive tissue (central nervous system of A. suum). Enzyme histochemical controls included exposure of tissue to 10 µ eserine sulphate, an inhibitor of cholinesterase activity, both prior to and during incubation with the non-specific esterase and cholinesterase media.

Physiology
The intrinsic muscle activity displayed by the vagina vera varied considerably among preparations. Only preparations that displayed spontaneous, rhythmic contractility (some 60 % of the preparations) were chosen for analysis : those with highly irregular activity or no activity were not used. Addition of 4 µl of distilled water or HBSS to the experimental chamber had no significant effect on the 3 parameters measured (n l 8). All treatment effects were reversible and could be repeated following wash out.
Due to the mainly circular orientation of muscle fibres in the walls of the vagina vera, muscle contraction leads to a lengthening of the preparation and relaxation leads to a shortening. The baseline tension at time 0 was set at zero such that a contraction (lengthening) was measured as a decrease in tension and a negative value (mg\mm) and a relaxation (shortening) was recorded as an increase in tension and a positive value.
Glutamate
Glutamate had inhibitory effects causing a shortening of the tissue and transient cessation of contractions at concentrations 10 µ (see Table 2 and Figs 1 and 2). Contractile activity returned at a lower frequency to that seen prior to glutamate application. No significant response was observed at 3 µ (n l 5). Five µ (n l 5) was the threshold concentration at which statistically significant effects could be detected.
GABA
GABA also had inhibitory effects on the vagina vera although it was not as potent as glutamate (see Table  3 and Figs 3 and 4) . The threshold concentration at which statistically significant effects were recorded was 10 µ (n l 5).
Acetylcholine
ACh had excitatory effects, inducing a large transient contraction of the muscle immediately upon addition ; the contraction rapidly subsided (see Table 4 and Figs 5 and 6). One µ (n l 10) was the threshold concentration at which statistically significant effects were recorded.
Serotonin
No consistent or statistically significant effects were obtained with serotonin (1-100 µ ; n l 26). High concentrations (100 µ) appeared to induce an excitatory response in 20 % of preparations with an increase in contraction frequency. However, the remaining 80 % showed no effect (n l 10). No response was seen with 1-10 µ (n l 16 ; data not shown).
Immunocytochemistry and histochemistry
The nerve plexus of the ovijector in the region of the vagina vera-uteri junction comprised innervation that was immunoreactive for GABA (Fig. 7 A, B) . This consisted of parallel nerve fibres interlinked by numerous branches which were closely associated with the vaginal muscle.
-Glutamate immunoreactivity was present in a ring of highly branched nerve fibres at the vagina vera-uteri junction and in fine parallel fibres extending along the length of the proximal region of the vagina vera (Fig. 7 C-F) . No serotonin immunoreactivity was observed in the ovijector or gonopore region.
Non-specific esterase activity was distributed in the gut, the anterior nerve ring and associated ganglia, the lateral lines and the dorsal and ventral nerve cords (data not shown). The muscle and hypodermis of the ovijector were strongly positive for non-specific esterase activity with discrete areas of more intense staining, although no distinct nerve fibres, such as those seen with GABA immunostaining, were apparent. Eserine (10 µ) failed to block the discrete areas of staining, indicating that these were not due solely to the presence of cholinesterase but that other non-specific esterases were present. Cholinesterase activity was localized in the central nervous and enteric nervous systems with staining in the anterior nerve ring and the longitudinal pharyngeal nerves. In the ovijector, the musculature stained strongly for cholinesterase, however, no staining was visible in the hypodermis and no distinct nerve fibres were visible (not shown). Blocking studies using 10 µ eserine inhibited staining in the ovijector.

In this study, the rhythmicity of the distal ovijector of Ascaris suum was found to be modulated by classical transmitters ; both GABA and glutamate were inhibitory, ACh was excitatory and serotonin had no consistent effect on in vitro activity. Furthermore, immunoreactivity to glutamate and GABA were widespread in nerve fibres of the muscle surface of the ovijector.
Serotonin had no apparent modulatory effects on the intrinsic activity of the vagina vera, nor has it been detected in the ovijector or gonopore region of A. suum (Johnston et al. 1996 ; Fellowes et al. 1999) , suggesting it does not play a role in the regulation of oviposition in A. suum. Other studies, however, have shown that serotonin is involved in male copulatory behaviour, locomotion (Reinitz & Stretton, 1996) and pharyngeal function (Brownlee et al. 1995) in A. suum. In addition, a serotonin receptor has been isolated from A. suum intestine and muscle tissue (Chaudhuri & Donahue, 1989) .
No cholinergic innervation was evident in the ovijector following histochemical staining. It may be that the cholinesterase activity present in the nerve plexus of the ovijector was too low to enable detection by the methods employed or that it was present only at synaptic junctions. It has been suggested that ACh can also be transported via the pseudocoelomic fluid (Johnson & Stretton, 1980 , 1985 . It is possible that the ACh in the pseudocoelomic fluid influences the intrinsic activity\tone of the ovijector muscle in vivo. Choline-acetyltransferase (CAT), the enzyme involved in ACh synthesis, has been demonstrated in the commissural branches of excitatory motorneurons and in low levels in the hypodermis in the head region of Ascaris (Johnson & Stretton, 1980 , 1985 . CAT from the hypodermis could be the ACh source for extrasynaptic ACh receptors on somatic muscle and possibly the ovijector.
ACh is the main excitatory neurotransmitter in A. suum, causing contraction of both the vagina vera and somatic musculature. The effect on the vagina vera was short-lived, consisting of a brief but powerful contraction after which normal contractile activity resumed. At high concentrations ( 10 µ) the initial contraction was followed by a complete cessation of activity, this biphasic effect may have been the result of receptor(s) desensitization. Although both nicotinic-and muscarinic-like ACh receptors have been reported in Ascaris (see Martin et al. 1996) , the occurrence of nicotinic and\or muscarinic ACh receptors in the ovijector of Ascaris has not been established.
ACh has been implicated in FMRFamide-related peptide (FaRP) actions on nematodes. For example, recent work on the Lawes isolate of Haemonchus contortus, which has reduced sensitivity to cholinimmunoreactivity in the mid-region of the vagina vera showing parallel nerve fibres with cross-branches (arrow heads), and associated nerve swelling (black arrow head) and fine fibres branching off the main nerve fibre (arrows). Orientation, vagina uteri towards top. Inset : higher magnification of the fine nerve fibres extending from the parallel nerve fibres of the vagina vera. (C) Glutamate immunoreactivity in the mid-region of the vagina vera with parallel nerve fibres (arrows) and cross-branches (arrow heads). Orientation, vagina uteri towards top left. (D) Glutamate immunoreactivity in the proximal vagina vera with parallel nerve fibres running in pairs (arrows) and in tracts of up to 4 fibres along the length of the vagina vera (black arrow). Orientation, vagina uteri to top right. (E) Glutamate immunoreactivity at the vagina vera-vagina uteri junction forming a ring of 8-10 nerve fibres. Note that the crossbranch which appears to be inserting (arrow) into a parallel nerve fibre (arrow head) is merely 2 nerve fibres passing close to each other. Orientation, vagina uteri at top. (F) Lateral view of the vagina vera showing glutamate immunoreactivity in parallel nerve fibres (arrows) running from the nerve ring (at the vagina vera-vagina uteri junction) towards the distal vagina vera. Orientation, vagina uteri at top. ergic drugs, suggests that the peptide KSAYMRFamide (AF8\PF3) modulates endogenous cholinergic function (Marks et al. 1999) . In this study, ACh induced a rapid contraction of the vagina vera of A. suum, with a response profile similar to that previously seen during the initial phase of AVPGVLRFamide (AF3) and GDVPGVLRFamide (AF4) induced excitation (Fellowes et al. 2000) . However, both peptides have complex multiphasic effects suggesting that any ACh involvement is confined to the initial response phase. Also, previous studies on somatic muscle cast doubt on the involvement of ACh in the actions of AF3 and AF4 (Trim et al. 1997) . Further work on the pharmacology of the cholinergic receptor(s) in the vagina vera may help address this issue.
Although serotonin has no discernible effects and ACh was not localized in the ovijector in this study, both transmitters have been implicated in the control of egg-laying in other nematodes. Egg-laying assays of C. elegans revealed that serotonin is a strong inducer of egg-laying and is thought to act directly on the vulval muscles (Trent et al. 1983 ; Desai & Horvitz, 1989) in parallel with ACh (Weinshenker et al. 1995 ; Waggoner et al. 1998) . C. elegans possesses 2 classes of neurons which synapse directly with the vulval muscles : hermaphrodite specific neurons (HSNs) and the VCs. The HSNs are required for normal egg laying and are immunopositive for serotonin (Trent et al. 1983 ; Desai & Horvitz, 1989) . Two phases occur in ovulation : the inactive phase during which eggs build up in the uteri and the active phase where they are expelled through the gonopore in clusters. Serotonin, released from the HSNs and the VC4 and VC5 neurons, initiates the active phase which is then modulated by acetylcholine (also produced by these neurons) that triggers the release of each cluster (Waggoner et al. 1998) . Neurons resembling the HSNs in Goodeyus ulmi were also found to be serotoninergic and the addition of serotonin increased vulval activity 3-fold (Leach et al. 1987) .
The GABA-immunopositive innervation of the ovijector appears similar to that of the FaRPergic nervous system, although it is not as extensive (Fellowes et al. 2000) . GABA-like immunoreactivity (GLIR) has been reported in the ventral nerve cord (vnc) and dorsal nerve cord (dnc) of A. suum, with immunoreactivity throughout the cell and no specific localization at conventional synapses. GLIR was also seen in the caudal and cephalic regions including faint immunoreactivity in the pharynx of A. suum (Guastella et al. 1991) . GLIR is present in 26\302 neurons in C. elegans and 2 cell bodies near the amphids of G. ulmi (Leach et al. 1987 ; McIntire et al. 1993) . To our knowledge, this is the first report of GABA localization in the reproductive apparatus of a nematode.
GABA acts on ligand-gated Cl V channels in A. suum and GABA receptors have been located on muscle bag cells, both at the synaptic and at extrasynaptic locations (del Castillo et al. 1964 ; Martin, 1980 Martin, , 1982 . In this study, GABA shortened (relaxed circular muscle) the vagina vera and induced flaccid paralysis at concentrations of 10-100 µ -a similar response was observed with the Panagrellus redivivus FaRP, KPNFIRFamide (PF4) (Fellowes et al. 2000) . Previous studies on A. suum body wall muscle have revealed that the actions of PF4 are distinct from those of GABA (Maule et al. 1995 ; HoldenDye, Brownlee & Walker, 1997) ; this may also be the case in the vagina vera although membrane level studies are required to determine any possible shared receptor actions.
This study revealed that immunoreactivity to -glutamate was present in the proximal region of the vagina vera and in a ring of nerve fibres at the junction between the vagina vera and the vagina uteri. Although no obvious sphincter-like arrangement of the muscles was observed in this region, the vagina uteri is often swollen with a build-up of eggs which appear to be prevented from passing into the vagina vera (unpublished observations). Glutamate may be involved in the control of egg release from the vagina uteri into the vagina vera and their passage towards the gonopore. Conversely, glutamate may trigger or regulate the intrinsic peristaltic waves which characterize ovijector activity.
Although glutamate was more potent than GABA, desensitization appeared to occur upon addition of lower concentrations of glutamate (5-10 µ), with contractile activity returning at a reduced frequency and amplitude after a transient cessation. Previous studies have shown glutamate to have inhibitory effects on Ascaris pharyngeal muscle (Martin, 1996) . Glutamate has also been shown to hyperpolarize the DI neurons and depolarize the DE2 neurons, interfering with the locomotion of Ascaris and resulting in a quasi-static paralysis (Davis & Stretton, 1996; Davis, 1998) . Thus, glutamate has varied effects on Ascaris being inhibitory on pharyngeal, somatic and vaginal muscle and excitatory on somatic muscle.
Ivermectin, an avermectin analogue, increases the Cl V permeability of nematode muscle causing paralysis. Studies using C. elegans glutamate-gated chloride channel (Glu-Cl) subunits and the Xenopus oocyte expression system revealed that ivermectin and glutamate act on the same channel (Arena et al. 1992) . Ivermectin has an inhibitory effect on the pharyngeal muscle of various nematodes, including C. elegans, H. contortus, Necator americanus, Ancylostoma ceylanicum and Ascaris (Avery & Horvitz, 1990 ; Avery, 1993 ; Geary et al. 1993 ; Richards, Behnke & Duce, 1995 ; Brownlee, Holden-Dye & Walker, 1997) . Evidence suggests that inhibition of pharyngeal pumping via the Glu-Cl receptor and the M3 neuron is a major mode of action for avermectins (Dent, Davis & Avery, 1997 ; Laughton, Lunt & Wolstenholme, 1997) . Interestingly, ivermectin has also been shown to inhibit microfilarial release from female Onchocerca volvulus causing them to block the reproductive tract (Schulz-Key & Karam, 1986 ; Taylor & Green, 1989) . In addition, the microfilarial block may prevent the passage of sperm to the seminal receptacles, resulting in a reduction in the number of viable multicellular embryos produced (Kla$ ger et al. 1993) . It seems plausible that the disruption of microfilarial release may be related to the actions of ivermectin on glutamate-or GABAgated Cl V channels in the ovijector. This study has demonstrated the modulatory effects of the classical transmitters, ACh, GABA and glutamate on the intrinsic activity of the vagina vera and the localization of GABA-and glutamateimmunoreactive fibres within the nerve plexus of the ovijector. The evidence presented reveals that classical neurotransmitters as well as neuropeptides are abundant in the ovijector of A. suum and modulate its activity. Understanding how these signalling molecules interact to control this activity is important if this potential drug target is to be fully exploited.
